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(57) ABSTRACT

A semiconductor piece manufacturing method includes: a
process of forming a fine groove on a front surface side
including a first groove portion having a width that is
gradually narrowed from a front surface of a semiconductor
substrate W toward a rear surface thereof; a process of
attaching a dicing tape having an adhesive layer on the front
surface after the fine groove on the front surface side is
formed; a process of forming a groove on a rear surface side
having a width greater than the width of the fine groove on
the front surface side along the fine groove on the front
surface side from a rear surface side of the substrate by a
rotating dicing blade; and a process of separating the dicing
tape from the front surface after the groove on the rear
surface side is formed.
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1
SEMICONDUCTOR PIECE
MANUFACTURING METHOD

CROSS REFERENCE TO RELATED
APPLICATION

This is a continuation of International Application No.
PCT/IP2014/067015 filed on Jun. 26, 2014, and claims
priority from Japanese Patent Application No. 2013-137829,
filed on Jul. 1, 2013, Japanese Patent Application No.
2014-108981, filed on May 27, 2014, Japanese Patent Appli-
cation No. 2014-108982, filed on May 27, 2014 and Japa-
nese Patent Application No. 2014-108983, filed on May 27,
2014.

BACKGROUND
Technical Field

The present invention relates to a semiconductor piece
manufacturing method.

SUMMARY

An aspect of the present invention provides a semicon-
ductor piece manufacturing method includes: a process of
forming a groove on a front surface side including a first
groove portion having a width that is gradually narrowed
from a front surface of a substrate toward a rear surface
thereof; a process of attaching a holding member having an
adhesive layer on the front surface after the groove on the
front surface side is formed; a process of forming a groove
on a rear surface side having a width greater than the width
of the groove on the front surface along the groove on the
front surface side from a rear surface side of the substrate by
a rotating cutting member; and a process of separating the
holding member from the front surface after the groove on
the rear surface side is formed.

BRIEF DESCRIPTION OF THE DRAWINGS

Exemplary embodiment(s) of the present invention will
be described in detail based on the following figures,
wherein:

FIG. 1 is a flowchart illustrating an example of a semi-
conductor piece manufacturing process according to an
embodiment of the invention;

FIGS. 2A to 2D are cross-sectional views schematically
illustrating a semiconductor substrate in a semiconductor
piece manufacturing process according to an embodiment of
the invention;

FIGS. 3A to 3E are cross-sectional views schematically
illustrating a semiconductor substrate in a semiconductor
piece manufacturing process according to an embodiment of
the invention;

FIG. 4 is a plan view schematically illustrating a semi-
conductor substrate (wafer) when circuit formation is com-
pleted;

FIG. 5 is a cross-sectional view illustrating details of half
dicing using a dicing blade;

FIG. 6 is a cross-sectional view illustrating remaining of
an adhesive layer when a dicing tape is separated from a
substrate surface;

FIGS. 7A to 7D illustrate fine grooves according to an
embodiment of the invention, in which FIGS. 7A and 7B are
cross-sectional views illustrating a first preferred shape of a
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fine groove, and FIGS. 7C and 7D are cross-sectional views
illustrating a second preferred shape of a fine groove;

FIGS. 8A and 8B illustrate fine grooves according to an
embodiment of the invention, in which FIGS. 8 A and 8B are
cross-sectional views illustrating a third preferred shape of
a fine groove;

FIGS. 9A to 9D illustrate fine grooves according to a
comparative example, in which FIGS. 9A and 9B are
cross-sectional views illustrating a fine groove of a reverse
tapered shape, and FIGS. 9C and 9D are cross-sectional
views illustrating a fine groove of a vertical shape;

FIGS. 10Ato 10D are cross-sectional views schematically
illustrating processes of a first fine groove manufacturing
method according to an embodiment of the invention;

FIGS. 11Ato 11C are cross-sectional views schematically
illustrating processes of a second fine groove manufacturing
method according to an embodiment of the invention;

FIGS. 12A to 12C are cross-sectional views schematically
illustrating processes of a third fine groove manufacturing
method according to an embodiment of the invention;

FIGS. 13A to 13C are cross-sectional views illustrating a
step portion formed in a semiconductor chip, FIG. 13B is a
diagram illustrating a load applied to the step portion during
cutting performed by a dicing blade, and FIG. 13C is a
diagram illustrating breakage of the step portion;

FIGS. 14A to 14D are diagrams illustrating suppression of
breakage of a step portion when a substrate on which a fine
groove according to an embodiment of the invention is
formed is cut by a dicing blade;

FIGS. 15A and 15B are cross-sectional views illustrating
another configuration example of a fine groove according to
an embodiment of the invention; and

FIG. 16 is a flowchart illustrating another example of a
semiconductor piece manufacturing process according to an
embodiment of the invention.

DETAILED DESCRIPTION

A semiconductor piece manufacturing method of the
invention is applied to a method for dividing (individualiz-
ing) a substrate-like member such as a semiconductor wafer
on which plural semiconductor devices are formed to manu-
facture individual semiconductor pieces (semiconductor
chips), for example. The semiconductor device formed on
the substrate is not particularly limited, and may include a
light emitting device, an active device, a passive device, or
the like. In a preferred embodiment, the manufacturing
method of the invention is applied to a method of extracting
a semiconductor piece that includes a light emitting device
from a substrate, in which the light emitting device may be
a surface emitting semiconductor laser, a light emitting
diode or a light emitting thyristor, for example. A single
semiconductor piece may include a single light emitting
device, or may include plural light emitting devices that are
arranged in an array form. Further, the single semiconductor
piece may include a drive circuit that drives the single or
plural light emitting devices. Further, the substrate may be
a substrate formed of silicon, SiC, compound semiconduc-
tor, sapphire, or the like, but are not limited thereto, and may
be a substrate formed of other materials as long as the
substrate is a substrate including at least the semiconductor
(hereinafter, collectively referred to as a semiconductor
substrate). In a preferred embodiment, the substrate is a
II1-V compound semiconductor substrate made of GaAs or
the like on which a light emitting device such as a surface
light emitting semiconductor laser or a light emitting diode
is formed.
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In the following description, a method for extracting
individual semiconductor pieces (semiconductor chips)
from a semiconductor substrate on which plural light emit-
ting devices are formed will be described with reference to
the accompanying drawings. It should be noted that the scale
or shape in the drawings is emphasized for ease of under-
standing of features of the invention and is not necessarily
the same as the scale or shape of an actual apparatus.
Embodiment

FIG. 1 is a flowchart illustrating an example of a semi-
conductor piece manufacturing process according to an
embodiment of the invention. As shown in FIG. 1, a semi-
conductor piece manufacturing method of the present
embodiment includes a process of forming a light emitting
device (S100), a process of forming a resist pattern (S102),
a process of forming a fine groove on a front surface of a
semiconductor substrate (S104), a process of separating the
resist pattern (S106), a process of attaching a dicing tape to
the front surface of the semiconductor substrate (S108), a
process of performing half dicing from a rear surface of the
semiconductor substrate (S110), a process of irradiating the
dicing tape with ultraviolet rays (UV) and attaching an
expansion tape to the rear surface of the semiconductor
substrate (S112), a process of separating the dicing tape and
irradiating the expansion tape with ultraviolet rays (S114),
and a process of picking up a semiconductor piece (semi-
conductor chip) to perform die mounting on a circuit board
or the like (S116). Cross-sectional views of a semiconductor
substrate shown in FIGS. 2A to 2D and FIGS. 3A to 3E
correspond to the respective processes of steps S100 to
S116, respectively.

In the process of forming the light emitting device (S100),
as shown in FIG. 2A, plural light emitting devices 100 are
formed on a front surface of a semiconductor substrate W
made of GaAs or the like. The light emitting device 100 is
a surface light emitting semiconductor laser, a light emitting
diode, a light emitting thyristor, or the like. In the figure, it
is shown that one region corresponds to the light emitting
device 100, but one light emitting device 100 is only an
example of a device included in one individualized semi-
conductor piece. Thus, it should be noted that plural light
emitting devices or another circuit element as well as one
light emitting device may be included in the region of one
light emitting device 100.

FIG. 4 is a plan view illustrating an example of the
semiconductor substrate W when the light emitting device
forming process is completed. In the figure, for ease of
description, only the light emitting devices 100 in a central
portion thereof are shown. On the front surface of the
semiconductor substrate W, the plural light emitting devices
100 are arranged in an array form in row and column
directions. A planar region of one light emitting device 100
generally has a rectangular shape, and the respective light
emitting devices 100 are spaced from each other in a grid
shape by cutting regions 120 defined by scribe lines or the
like with a predetermined space S.

If the formation of the light emitting device is completed,
a resist pattern is formed on the front surface of the semi-
conductor substrate W (§102). As shown in FIG. 2B, a resist
pattern 130 is processed so that the cutting region 120
defined by the scribe line or the like on the front surface of
the semiconductor substrate W is exposed. The processing
of the resist pattern 130 is performed by a photolithography
process.

Then, a fine groove is formed on the front surface of the
semiconductor substrate W (S104). As shown in FIG. 2C, a
fine groove (hereinafter, for ease of description, referred to
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4

as a fine groove or a front surface side groove) 140 having
a predetermined depth is formed on the front surface of the
semiconductor substrate W using the resist pattern 130 as a
mask. Such a groove may be formed by anisotropic etching,
and preferably, is formed by anisotropic plasma etching
which is anisotropic dry etching (reactive ion etching). The
groove may be formed by a thin dicing blade, isotropic
etching, or the like, but it is preferable that the anisotropic
dry etching is used since a narrow deep groove can be
formed compared with a case where the front surface side
groove is formed by isotropic etching, and since the influ-
ence of vibration, stress or the like on the light emitting
device 100 in the vicinity of the fine groove can be sup-
pressed compared with a case where the dicing blade is used.
A width Sa of the fine groove 140 is approximately the same
as the width of an opening formed in the resist pattern 130.
The width Sa of the fine groove 140 is several micrometers
to ten and several micrometers, for example. Preferably, the
width Sa is approximately 3 um to approximately 15 pum.
Further, the depth is about 10 pm to about 100 um, for
example, which is formed as a depth at least greater than a
depth at which a functional element such as a light emitting
device is formed. Preferably, the depth of the microgroove
140 is approximately 30 pm to approximately 80 um. When
the fine groove 140 is formed by a general dicing blade, a
space S of the cutting region 120 increases up to 40 um to
80 um as a total value of a groove width of the dicing blade
and a margin width that reflects a pitching amount. On the
other hand, when the fine groove 140 is formed by the
semiconductor process, the groove width becomes narrow,
and the margin width for cutting can also become narrower
than the margin width when the dicing blade is used. In other
words, the space S of the cutting region 120 can decrease,
and thus, the light emitting devices can be disposed on the
wafer with high density to increase the number of acquired
semiconductor pieces. The “front surface side” in the
embodiment refers to a surface side on which the functional
element such as a light emitting device is formed, and a “rear
surface side” refers to a surface side opposite to the “front
surface side”.

Then, the resist pattern is separated (S106). As shown in
FIG. 2D, if the resist pattern 130 is separated from the front
surface of the semiconductor substrate, the fine groove 140
formed along the cutting region 120 is exposed on the front
surface. Details about the shape of the fine groove 140 will
be described later.

Then, an ultraviolet curing dicing tape is attached (S108).
As shown in FIG. 3E, a dicing tape 160 having an adhesive
layer is attached on the side of the light emitting device.
Then, half dicing is performed along the fine groove 140 by
a dicing blade from the rear surface side of the substrate
(S110). Positioning of the dicing blade may use a method for
disposing an infrared camera above the rear surface side of
the substrate and allowing the substrate to transmit an
infrared ray to indirectly detect the fine groove 140, a
method for disposing a camera above the front surface side
of'the substrate and directly detecting the position of the fine
groove 140, or other known methods. With such positioning,
as shown in FIG. 3B, the half dicing is performed by the
dicing blade, so that a groove 170 is formed on the rear
surface side of the semiconductor substrate. The groove 170
has a depth that reaches the fine groove 140 formed on the
front surface of the semiconductor substrate. Here, the fine
groove 140 is formed with a width narrower than that of the
groove 170 on the rear surface side formed by the dicing
blade. This is because when the fine groove 140 is formed
with the width narrower than that of the groove 170 on the



US 9,455,173 B2

5

rear surface side, the number of semiconductor pieces
capable of being acquired from a single wafer can be
increased compared with a case where the semiconductor
substrate is cut only using the dicing blade. If the fine groove
of several micrometers to ten and several micrometers
shown in FIG. 2C can be formed in a range from the front
surface of the semiconductor substrate to the rear surface
thereof, it is not necessary to form the groove on the rear
surface side using the dicing blade, but it is not easy to form
the fine groove with such a depth. Accordingly, as shown in
FIG. 3B, the half dicing from the rear surface using the
dicing blade is combined.

Then, the dicing tape is irradiated with ultraviolet rays
(UV), and the expansion tape is attached (S112). As shown
in FIG. 3C, the dicing tape 160 is irradiated with ultraviolet
rays 180, so that the adhesive layer is cured. Then, an
expansion tape 190 is attached to the rear surface of the
semiconductor substrate.

Then, the dicing tape is separated, and the expansion tape
is irradiated with ultraviolet rays (S114). As shown in FIG.
3D, the dicing tape 160 is separated from the front surface
of the semiconductor substrate. Further, the expansion tape
190 on the rear surface of the substrate is irradiated with
ultraviolet rays 200, so that the adhesive layer is cured. The
expansion tape 190 has elasticity in a base material thereof.
The tape is expanded to increase the interval between the
light emitting devices so as to easily pick up the individu-
alized semiconductor pieces after dicing.

Then, pickup and die mounting of the individualized
semiconductor pieces are performed (S116). As shown in
FIG. 3E, a semiconductor piece (semiconductor chip) 210
picked up from the expansion tape 190 is mounted on a
circuit board 230 through a fixing member 220 such as a
conductive paste such as an adhesive or solder.

Next, details about the half dicing using the dicing blade
will be described. FIG. 5 shows an inverted state of an
enlarged cross-sectional view when the half dicing is per-
formed by the dicing blade shown in FIG. 3B. In FIGS. 3A
to 3K, the light emitting device 100 formed on the front
surface of the substrate is emphasized, whereas in FIG. 5,
the light emitting device on the front surface of the substrate
is not shown, but it is assumed that the light emitting device
is formed on the front surface of the substrate as in FIGS. 3A
to 3E.

As shown in FIG. 5, a dicing blade 300 cuts the semi-
conductor substrate W from the rear surface thereof along
the fine groove 140 while rotating to form the groove 170 in
the semiconductor substrate W. For example, the dicing
blade 300 is a cutting member of a disk shape. Here, an
example in which the tip portion has a constant thickness is
shown, but a dicing blade in which the tip portion is tapered
may be used. The groove 170 (kerf width) formed by the
dicing blade 300 has approximately the same width as the
width of the dicing blade 300. The groove 170 is processed
to have a depth such that the groove 170 communicates with
the fine groove 140. The dicing blade 300 is positioned
outside the semiconductor substrate W in a direction parallel
to the rear surface of the semiconductor substrate W. Further,
by moving the dicing blade 300 in a direction Y perpen-
dicular to the rear surface of the semiconductor substrate W
by a predetermined distance, the positioning in the thickness
direction of the semiconductor substrate W is performed so
that a step portion 800 formed by a step difference formed
in a connecting portion of the groove 170 and the fine groove
140 has a desired thickness T in the Y direction. Further, in
a state where the dicing blade 300 is rotated after the
positioning outside the semiconductor substrate W, at least
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one of the dicing blade 300 and the semiconductor substrate
W is moved in the direction parallel to the rear surface of the
semiconductor substrate W, to thereby form the groove 170
in the semiconductor substrate W. The step portion 800 is a
portion between the step difference formed in the connecting
portion of the groove 170 and the fine groove 140 and the
semiconductor substrate W, that is, a beam shaped portion
formed by a difference between the width of the groove 170
and the width the fine groove 140.

When the half dicing is performed by the dicing blade
300, the dicing tape 160 is attached onto the front surface of
the substrate. The dicing tape 160 includes a tape base
material 162, and an adhesive layer 164 that is stacked
thereon. The adhesive layer 164 is made of an infrared ray
curing resin, and has a characteristic that a specific viscosity
or viscous property is maintained before irradiation of
infrared rays and the adhesive property is lost by being cured
with the irradiation of the infrared rays. Thus, when the
dicing tape 160 is attached, the adhesive layer 164 is
attached onto the front surface of the substrate including the
fine grooves 140 to hold the semiconductor pieces so that the
semiconductor pieces are not detached after dicing.

In a cutting line A2 shown in FIG. 5, vibration B and
cutting pressure P are applied to the semiconductor substrate
W through inner walls of the groove 170 by rotation of the
dicing blade 300, relative movement of the dicing blade 300
and the semiconductor substrate W, or the like while the
semiconductor substrate W is being cut. If the semiconduc-
tor substrate W is pressed in the Y direction by the culling
pressure P, the viscous adhesive layer 164 enters the fine
groove 140. Further, as the vibration B is transferred to the
vicinity of the fine groove 140, the flow of the adhesive layer
164 is promoted. Further, in the culling using the dicing
blade 300, a cutting water stream (jet water stream) mixed
with chips is supplied to the groove 170, and pressure P1 is
applied in a direction where the fine groove 140 is expanded
by the cutting water stream. Thus, the entrance of the
adhesive layer 164 is further promoted. As a result, in the
case of a fine groove that does not have a forward tapered
shape of the present embodiment which is to be described
later, for example, the adhesive layer 164 may enter the fine
groove 140 having a width of about 5 um at an entrance
depth of about 10 um. Thus, in the present embodiment,
even in the semiconductor piece manufacturing method in
which the groove width on the front surface side is narrower
than the groove width on the rear surface side, for example,
in order to enhance the number of acquired semiconductor
pieces, when the groove on the rear surface side is formed
by a rotating cutting member, the fine groove having the
forward tapered shape which is to be described later is
formed although the number of acquired semiconductor
pieces is slightly sacrificed.

In a cutting line A1 where the dicing is finished, since
pressure is applied during cutting of the adjacent cutting line
A2 so that the fine groove 140 is narrowed in the width
direction, it is considered that the adhesive layer 164 that
enters the fine groove 140 easily enters further inside. In a
cutting line A3 on an opposite side before cutting, since the
adhesive layer 164 is merely attached, it is considered that
the amount of the adhesive layer 164 entering into the fine
groove 140 is relatively small.

If the half dicing using the dicing blade 300 is finished, the
expansion tape 190 is attached onto the rear surface of the
substrate, and then, the dicing tape 160 is irradiated with
ultraviolet rays 180. The adhesive layer 164 irradiated with
the ultraviolet rays is cured, and the viscosity is lost (see
FIG. 3C). Then, the dicing tape is separated from the front
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surface of the substrate. FIG. 6 is a cross-sectional view
illustrating the remaining of the adhesive layer when the
dicing tape is separated. The expansion tape 190 attached to
the rear surface of the substrate includes a tape base material
192 and an adhesive layer 194 stacked thereon, and the cut
semiconductor pieces are held by the adhesive layer 194.

When the dicing tape 160 is separated from the front
surface of the substrate, an adhesive layer 164a that enters
the fine groove 140 advances to a deep position, and thus, a
part thereof may not be sufficiently irradiated with the
ultraviolet rays so as to be uncured. Since the uncured
adhesive layer 164 has viscosity, when the adhesive layer
164 is separated from the front surface of the substrate, the
uncured adhesive layer 164a may be cut, so that the adhesive
layer 164a may remain inside the fine groove 140, or may
be re-attached onto the front surface of the substrate so as to
remain. Further, even though the adhesive layer 164aq is in
a cured state, since the adhesive layer 164a deeply intrudes
into the narrow fine groove, the adhesive layer 164a may be
broken due to stress during separation to remain. If a
remaining adhesive layer 1645 is re-attached onto the front
surface of the light emitting device, it causes reduction of the
light intensity of the light emitting device. Thus, the light
emitting device becomes a defective product, which results
in reduction of a yield rate. Further, even in a semiconductor
chip other than the light emitting device, as the adhesive
layer 1645 remains, other negative effects are expected. For
example, it may be determined that the chip is defective by
visual inspection or the like. Thus, when the dicing tape is
separated, it is not preferable that the adhesive layers 164a
and 1645 remain on the front surface of the substrate. In the
present embodiment, by changing the shape of the fine
groove formed on the front surface of the substrate into the
forward tapered shape as described later, the adhesive layer
is suppressed from remaining in the fine groove, on the front
surface of the substrate, or the like when the dicing tape is
separated.

When the plural light emitting devices 100 are formed in
a mesa shape, each light emitting device 100 forms a convex
portion, and a space between the light emitting devices 100
forms a concave portion. In many cases, the fine groove 140
is formed in the concave portion. In such a configuration, a
configuration in which the cutting water stream mixed with
chips does not intrude into the front surface side of the
substrate by attaching the adhesive layer 164 to follow an
inlet portion of the fine groove 140 formed in the concave
potion in addition to the convex portion may be considered.
Here, in order to allow the adhesive layer 164 to follow the
inlet portion of the fine groove 140, a dicing tape having the
adhesive layer 164 of a sufficient thickness is necessary, and
thus, the adhesive layer 164 easily and deeply enters the fine
groove 140. Accordingly, in such a condition that the adhe-
sive layer 164 easily and deeply enters the fine groove 140,
by applying the fine groove having the forward tapered
shape of the present embodiment which is to be described
later, it is possible to achieve a high effect against the
remaining of the adhesive layer 164.

Further, when the vertical fine groove is formed from the
front surface of the semiconductor substrate, and when the
adhesive layer 164 intrudes more deeply than the distance of
the groove width of the fine groove, that is, when the shape
of'the adhesive layer 164aq in the fine groove, of the adhesive
layer 164, is longitudinally long, it is considered that the
adhesive layer 164aq is easily broken due to stress applied to
a root portion of the adhesive layer 164a in the fine groove,
when the adhesive layer 164 is separated, to be easily
remained therein, compared with a case where the shape is
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not longitudinally long. Accordingly, in a manufacturing
condition such as the width of the fine groove or the
thickness of the adhesive layer 164 in which the shape of the
adhesive layer 164q in the fine groove is longitudinally long
when the forward tapered shape of the present embodiment
is not applied, y applying the fine groove having the forward
tapered shape of the present embodiment which is to be
described later, it is possible to achieve a high effect against
the remaining of the adhesive layer 164.

Next, a preferred shape of a fine groove according to an
embodiment of the invention will be described. FIG. 7A is
a cross-sectional view illustrating a first preferred shape of
a fine groove according to the present embodiment, and FIG.
7B is a diagram illustrating infrared ray irradiation to an
adhesive layer that enters the fine groove shown in FIG. 7A.

As shown in FIG. 7A, a fine groove 400 of the present
embodiment includes side walls 402 and 404 that face each
other in which an opening width Sal on the front surface of
the substrate is inclined to become narrow from the opening
width Sal to a width Sa2 (Sal>Sa2) of a bottom portion at
a depth D (such inclination is referred to as a forward
tapered shape). In other words, the fine groove 400 has a
shape in which the width is gradually narrowed from the
opening width Sal on the front surface of the semiconductor
substrate W to the depth D. The opening width Sal is several
micrometers to ten and several micrometers, for example.
Further, the depth D is a depth at least greater than a depth
where a circuit such as a light emitting device is formed,
which is a depth where the step portion 800 formed by the
difference between the width of the groove 170 and the
width of the fine groove 400 is not broken when the groove
170 is formed on the rear surface side. When the fine groove
400 is excessively shallow, the step portion 800 may be
broken due to stress from the dicing blade 300 when the
groove 170 is formed from the rear surface side, and thus, it
is necessary that the fine groove 400 be formed to have a
depth where the breakage does not occur. On the other hand,
when the fine groove 400 is excessively deep, the strength
of the semiconductor substrate is weakened due to the deep
groove, and thus, it is difficult to handle the semiconductor
substrate W in a process subsequent to the formation of the
fine groove 140 compared with a case where the fine groove
140 is shallow. It is preferable that the fine groove 140 is not
formed more deeply than necessary. In a semiconductor
substrate having a general thickness, such a depth D is about
10 um to about 100 pm, for example. Further, the fine groove
400 is preferably formed by anisotropic dry etching, and the
inclination angle of the side walls 402 and 404 may be
appropriately selected by changing the shape of a photore-
sist, an etching condition, or the like.

As shown in FIG. 7B, the groove 170 having the kerf
width Sb is formed by the cutting using the dicing blade 300,
so that the groove 170 is connected to the fine groove 400.
The width of the groove 170 (kerf width Sb) is about 20 um
to about 60 um, for example. Due to stress based on pressure
or vibration from the dicing blade 300, a part of the adhesive
layer 164 enters the fine groove 400 having the forward
tapered shape, and after the expansion tape is attached, the
dicing tape 160 is irradiated with the infrared rays 180 from
the front surface side of the substrate. Here, since the fine
groove 400 is processed in the forward tapered shape, the
infrared rays 180 sufficiently irradiate the adhesive layer
164a inside the fine groove 400 without being blocked by
the semiconductor substrate W, so that the adhesive layer
164a inside the fine groove 400 is easily cured. As a result,
when the dicing tape 160 is separated from the front surface
of the substrate, even though the opening width of the fine
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groove 400 is the same, the adhesive layer 164a inside the
fine groove 400 loses the viscosity compared with a case in
which the fine groove 400 has a vertical shape. Thus, the
separation from the front surface of the substrate and the fine
groove 400 becomes easy, and the re-attachment of the
viscosity to the front surface of the substrate is suppressed.
Further, in the forward tapered shape of the fine groove 400,
since the groove shape is inclined, even when the adhesive
layer 164a that enters the fine groove 400 is not cured, it is
easy to extract the adhesive layer 164a, to thereby promote
the separation of the adhesive layer 164a.

FIG. 7C is a cross-sectional view illustrating a second
preferred shape of a fine groove according to the present
embodiment. A second preferred fine groove 410 includes a
groove portion of opposite side walls 412 and 414 that are
inclined in a forward direction from the opening width Sal
on the front surface of the substrate to a middle width Sa2
at a depth D, and a groove portion of opposite side walls
412a and 414a that are approximately vertical from the
width Sa2 to a bottom portion thereof. It is preferable that
the depth D of the groove portion inclined by the side walls
412 and 414 is greater than the depth where the adhesive
layer 164 enters at a time point when the dicing tape 160 is
attached. Since the width of the groove portion that is deeper
than the depth D is narrower than the groove width of the
forward tapered shape, a change rate of the groove width due
to vibration or stress of the dicing blade is large compared
with the groove portion of the forward tapered shape.
Accordingly, when the adhesive layer 164 intrudes into the
groove portion that is already deeper than the depth D at the
time point when the dicing tape 160 is attached, the adhesive
layer 164 may intrude more deeply into the groove due to the
vibration or the stress of the dicing blade. Accordingly, it is
preferable that the depth D is greater than the depth at where
the adhesive layer 164 enters in a state where the dicing tape
160 is attached. Preferably, the depth D is 10 um or more.

Further, it is preferable that the depth D is a depth where
a state where the adhesive layer 164 does not intrude into the
groove portion that is deeper than the depth D is maintained
after the groove on the rear surface side is formed by the
dicing blade. This is because if the adhesive layer 164
intrudes into the groove portion that is deeper than the depth
D, the adhesive layer 164 casily remains therein during
separation. Here, other conditions such as the entire depth of
the fine groove are the same as in FIG. 7A.

Here, when the fine groove is deeply formed by only the
forward tapered shape as shown in FIG. 7A, it is necessary
to enlarge the opening width Sal. Further, when the fine
groove 400 is deeply formed by only the forward tapered
shape in a state where the opening width Sal is narrow, the
taper angle becomes rapid, and thus, the adhesive layer 164
easily remains in the fine groove 400. On the other hand, in
the shape shown in FIG. 7C, the fine groove having a desired
depth is easily formed while maintaining the opening width
Sal to be a width where the adhesive layer does not easily
remain in the fine groove. When the fine groove having the
desired depth can be formed, the breakage of the step portion
is suppressed when the groove 170 having the width greater
than the width of the fine groove 410 is formed from the rear
surface side, compared with a case where the depth of the
fine groove is narrow.

In FIG. 7C, the groove portion that is approximately
vertical from a lowermost part of the forward tapered shape
toward the rear surface of the substrate and is not changed
in its width is shown, but the shape is not essentially vertical,
and may be a shape that is not narrower than the width of the
lowermost part of the forward tapered shape and is directed
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toward the rear surface of the semiconductor substrate. With
such a shape, even though the opening width of the fine
groove is not enlarged compared with the configuration
shown in FIG. 7A, the fine groove 410 having the desired
depth is easily formed. Further, in FIG. 7C, an angle of the
sidewall is abruptly changed at the depth D. In other words,
the sidewall of the fine groove 410 has an edge portion at the
depth D. However, it is preferable that the sidewall of the
fine groove 410 does not have the edge portion but has a
smoothly curved sidewall. This enables the adhesive layer
164a to be extracted more smoothly from the fine groove
410 even if the adhesive layer 164a enters more deeply than
the depth D.

Further, when the fine groove that is vertical from the
front surface of the semiconductor substrate is formed, and
when the adhesive layer 164 intrudes more deeply than the
distance of the groove width of the fine groove, that is, when
the shape of the adhesive layer 164a in the fine groove, of
the adhesive layer 164, is longitudinally long, the adhesive
layer 164a is easily broken due to stress applied to a root
portion of the adhesive layer 164a in the fine groove, when
the adhesive layer 164 is separated, to easily remain therein,
compared with a case where the shape is not longitudinally
long. Accordingly, in a manufacturing condition such as the
width of the fine groove or the thickness of the adhesive
layer 164 in which the shape of the adhesive layer 164« in
the fine groove is longitudinally long when the vertical
shape of the fine groove is formed, it is preferable that the
inlet portion of the fine groove is formed in the forward
tapered shape as shown in FIG. 7C. That is, when the groove
width of the groove portion positioned below the groove
portion having the forward tapered shape is a width that is
narrower than the depth where the adhesive layer enters
assuming that the entirety of the fine groove 410 is formed
with this groove width, if the inlet portion of the groove is
formed in the forward tapered shape, it is possible to achieve
a high effect against the remaining of the adhesive layer 164.

With respect to the fine groove shown in FIG. 7C, if the
groove 170 of the kerf width Sb is formed by the cutting
using the dicing blade 300, a shape in which the groove 170
is connected to the fine groove 410 is obtained, as shown in
FIG. 7D. Similar to the case shown in FIG. 7B, the adhesive
layer 164aq that is a part of the adhesive layer 164 enters the
fine groove 410, but if the depth D of the groove portion
(side walls 412 and 414) having the forward tapered shape,
of'the fine groove 410, is formed to be greater than the depth
where the adhesive layer 164a enters, the adhesive layer
164a inside the fine groove 410 is sufficiently irradiated with
infrared rays and is easily cured. Thus, the adhesive layer is
suppressed from remaining in the fine groove 410 or on the
front surface of the substrate during separation of the dicing
tape. Further, since the side walls of the fine groove 410 are
inclined, even when the adhesive layer 1644 that enters the
fine groove 410 is not cured, it is easy to extract the adhesive
layer 164a, to thereby promote separation of the adhesive
layer 164a.

FIG. 8A is a cross-sectional view illustrating a third
preferred shape of a fine groove according to the present
embodiment. As shown in FIG. 8A, a third preferred fine
groove 420 has a configuration in which the groove portion
having the vertical shape, of the second preferred fine
groove 410, is changed into a groove portion having a
reverse tapered shape. That is, the fine groove 420 includes
a groove portion of opposite side walls 422 and 424 that are
inclined in the forward direction from the opening width Sal
on the front surface of the substrate to the middle width Sa2
at the depth D, and a groove portion of opposite side walls
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422q and 424aq that are reversely inclined from the width Sa2
to a width Sa3 of a bottom portion thereof. Here, the
relationship of Sal>Sa2 and Sa3>Sa2 is established. The
relationship between Sal and Sa3 is arbitrary, but is pref-
erably Sa3>Sal. Further, conditions such as the depth of the
fine groove are the same as in FIGS. 7A to 7D. When
forming the groove 170 by the dicing blade 300, in order to
reliably connect the fine groove 420 and the groove 170, as
shown in FIG. 8A, the tip portion of the dicing blade 300
performs the cutting up to a position close to the front
surface of the semiconductor substrate W with reference to
the lowermost part of the fine groove 420. In this case, in
view of the relation of stress from the dicing blade 300
which is to be described later, it is preferable that the width
of'the fine groove 420 in a boundary portion between the fine
groove 420 and the groove 170 is greater than the width of
the fine groove 420 at the depth D.

As shown in FIG. 8B, during cutting using the dicing
blade 300, the adhesive layer 164a that is a part of the
adhesive layer 164 enters the fine groove 420, but if the fine
groove 420 is formed to have the groove portion (side walls
422 and 424) having the forward tapered shape of the depth
D greater than the depth where the adhesive layer 164a
enters the fine groove 420, the adhesive layer 1644 inside the
fine groove 420 is sufficiently irradiated with infrared rays
and is easily cured. Thus, the adhesive layer is suppressed
from remaining in the fine groove 420 or on the front surface
of the substrate during separation of the dicing tape. Further,
since the side walls of the fine groove 420 are inclined, even
when the adhesive layer 164a that enters the fine groove 420
is not cured, it is easy to extract the adhesive layer 164aq, to
thereby promote separation of the adhesive layer 164a.
Further, in FIG. 8A, an angle of the sidewall is abruptly
changed at the depth D. In other words, the sidewall of the
fine groove 410 has an edge portion at the depth D. How-
ever, it is preferable that the sidewall of the fine groove 420
does not have the edge portion but has a smoothly curved
sidewall. This enables the adhesive layer 164a to be
extracted more smoothly from the fine groove 420 even if
the adhesive layer 164a enters more deeply than the depth D.

According to the present embodiment, since the fine
grooves 400, 410, and 420 are formed to have at least the
groove portion having the forward tapered shape in which
the opening width on the front surface of the substrate is
narrowed toward the bottom portion, even when the adhe-
sive layer of the dicing tape enters the fine groove, the
entirety of the adhesive layer inside the fine groove is easily
irradiated with infrared rays to be cured, so that the viscosity
is easily lost, compared with a case where the forward
tapered shape is not provided. Further, due to the forward
tapered shape, the adhesive layer is suppressed from being
cut during separation of the dicing tape, compared with a
case where the forward tapered shape is not provided, and
thus, the adhesive layer is easily separated integrally from
the fine groove or the front surface of the substrate.

In FIGS. 7A to 7D and FIGS. 8A and 8B, characteristics
of the fine groove are schematically shown for ease of
understanding, but it should be noted that the side surfaces
or the like of the fine groove that is actually formed may
include steps or unevenness or may be formed in a curved
shape. For example, the fine groove on the front surface side
is shown to have the shape in which the width is linearly and
gradually narrowed, but the linear shape is not essential. As
long as the shape is a shape in which the width is gradually
narrowed, a shape having a curved line or the like may be
used. Further, for example, a shape in which the width is
gradually narrowed in a step form may be used. However,
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the shape in which the width is gradually narrowed in a
continuous manner is more preferable than the shape in
which the width is gradually narrowed in a step form, from
the viewpoint of suppressing the remaining of the adhesive
layer.

Further, in all the drawings of FIGS. 7A to 7D and FIGS.
8A and 8B, a configuration in which the opening width Sal
of the front surface of the substrate is narrower than the
width of the groove 170 is shown. This is because when the
configuration in which the opening width Sal of the front
surface of the substrate is narrower than the width of the
groove 170, the number of acquired semiconductor pieces
can increase compared with a case where the full dicing is
performed according to the width of the groove 170. Here,
in general, in order to increase the number of acquired
semiconductor pieces, it is preferable that the groove on the
front surface side is not formed by isotropic etching or a
dicing blade but is formed by anisotropic dry etching
capable of easily forming a groove having a narrow width
and a vertical shape. However, if the vertical groove shape
having the narrow width is merely formed using the aniso-
tropic dry etching, this is not preferable from the viewpoint
of the remaining of the adhesive layer. On the other hand,
when considering the remaining of the adhesive layer, it is
preferable that the groove on the front surface side is not
formed by the anisotropic dry etching that forms the groove
having the narrow width and the vertical shape but is formed
by the isotropic etching or the like that does not form the
opening of the fine groove in the vertical shape. However, in
the isotropic etching, a deep groove having a narrow width
is not easily formed. Thus, in the present embodiment, by
forming the fine groove having the shape shown in FIGS. 7A
to 7D and FIGS. 8A and 8B by even using the anisotropic
dry etching, both of the increase of the number of acquired
semiconductor pieces and the suppression of the remaining
of the adhesive layer are achieved.

FIGS. 9A and 9B are diagrams illustrating a comparative
example in which a fine groove is processed in a reverse
tapered shape. As shown in FIG. 9A, a fine groove 500 is
processed in a groove having a so-called reverse tapered
shape, which includes opposite side walls 502 and 504 that
are inclined so that the width Sa2 at the bottom portion
thereof is greater than the opening width Sal. As shown in
FIG. 9B, when the adhesive layer 164qa that is a part of the
adhesive layer 164 enters the fine groove 500 having the
reverse tapered shape, since the opening of the opening
width Sal is narrow, a part of the infrared rays 180 are easily
blocked by the semiconductor substrate W. Thus, an adhe-
sive layer 165 (painted-out portion in the figure) in a
peripheral part of the adhesive layer 164a is not sufficiently
irradiated with the infrared rays, and thus, there is a high
possibility that the adhesive layer 165 that is not reliably
cured easily remains. For this reason, when separating the
adhesive layer 164, the adhesive layer 165 having viscosity
is easily cut, so that the adhesive layer 165 remains inside
the fine groove, or is re-attached onto the front surface of the
substrate, compared with the case of the forward tapered
shape. Further, due to the reverse tapered shape, the cured
adhesive layer 164 that enters the fine groove 500 is not
easily extracted.

FIGS. 9C and 9D are diagrams illustrating a comparative
example in which a fine groove is processed in an approxi-
mately vertical shape. As shown in FIG. 9C, a fine groove
510 is processed in a groove having a so-called vertical
shape, which includes opposite side walls 512 and 514 in
which the opening width Sal on the front surface of the
substrate is vertical. As shown in FIG. 9D, since the adhe-
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sive layer 164a entering the fine groove 510 having the
vertical shape enters deeply inside compared with the width
Sal of the fine groove, the entirety of the adhesive layer
164a is not sufficiently irradiated with the infrared rays 180,
and thus, a partial adhesive layer 166 in a peripheral part
thereof is easily uncured compared with the case of the
forward tapered shape. Although the uncured adhesive layer
166 is less in amount than the adhesive layer 165 in the
reverse tapered shape shown in FIG. 9A, the adhesive layer
166 may remain in the fine groove 510 or on the front
surface of the substrate or may be re-attached thereto during
separation of the dicing tape.

Next, a first manufacturing method of the fine groove of
the present embodiment will be described. FIGS. 10A to
10D are cross-sectional views illustrating processes of a
manufacturing method of the fine groove shown in FIG. 7A.
As shown in FIG. 10A, a photoresist 600 is coated on a front
surface of a semiconductor substrate W (GaAs substrate) on
which plural light emitting devices are formed. The photo-
resist 600 is an i-line resist having a viscosity of 100 cpi, and
is formed to have a thickness of about several micrometers.
An opening 610 is formed in the photoresist 600 using a
known photolithography process, for example, using an
i-line stepper and a developer of TMAH 2.38%. The opening
610 is formed to expose the cutting region 120 as described
in FIG. 2A, and the width of the opening 610 is approxi-
mately uniform. That is, the opening 610 has side walls that
are approximately vertical.

Next, as shown in FIG. 10B, the photoresist 600 is baked
at a high temperature so that the photoresist 600 is softened,
and is processed into an opening 610A having side surfaces
of a forward tapered shape. Specifically, the baking tem-
perature and the baking time are adjusted to form the shape
of the opening of the photoresist to become a shape in which
the width is gradually enlarged from the front surface of the
substrate to an upper surface of the photoresist. That is, the
opening is formed in a reverse tapered shape when seen from
the front surface of the substrate. As the conditions, for
example, the baking temperature is 110° C., and the baking
time is 2 minutes. Any other method capable of forming the
photoresist having the shape in which the width is gradually
enlarged from the front surface of the substrate to the upper
surface of the photoresist, such as a method for using a gray
mask during exposure, may be used.

Next, as shown in FIG. 100, anisotropic dry etching is
performed with respect to the semiconductor substrate W
using a resist pattern of the photoresist 600 in which the
forward tapered shape opening 610A is formed as an etching
mask. In a preferred embodiment, inductive coupled plasma
(ICP) is used as a reactive ion etching (RIE) apparatus. As
an etching condition, for example, inductive coupled plasma
(ICP) power is 500 W, bias power is 50 W, and pressure is
3 Pa. As etching gases, Cl, is 150 sccm, BCl; is 50 sccm, and
C,Fy is 20 sccm. Further, a substrate temperature is 20° C.
and an etching time is 40 minutes. With such etching, since
a region that is gradually etched from a thin portion in the
thickness of the resist having the opening of the reverse
tapered shape toward a thick portion in the thickness thereof
is enlarged in the transverse direction on the front surface of
the substrate, a fine groove 620 having a forward tapered
shape to which the shape of the opening 610A is transferred
is formed. Then, the photoresist 600 is removed by oxygen
ashing as shown in FIG. 10D.

Next, a second manufacturing method of the fine groove
of the present embodiment will be described. FIGS. 11A to
110 are cross-sectional views illustrating processes of
another manufacturing method of the fine groove shown in
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FIG. 7A. As shown in FIG. 11A, a photoresist 700 is coated
on a front surface of a semiconductor substrate W (GaAs
substrate), and an opening 710 that exposes a cutting region
is formed. This process is the same as the process of FIG.
10A, for example.

Next, as shown in FIG. 11B, anisotropic dry etching is
performed with respect to the semiconductor substrate W
using a resist pattern of the photoresist 700 in which the
opening 710 is formed as an etching mask. Thus, a first
groove portion 720 is formed on the front surface of the
substrate. In a preferred embodiment, inductive coupled
plasma (ICP) is used as a reactive ion etching (RIE) appa-
ratus. As an etching condition, for example, inductive
coupled plasma (ICP) power is 500 W, bias power is 50 W,
and pressure is 3 Pa. As etching gases, Cl, is 150 sccm, BCl,
is 50 sccm, and C,F, is 50 sccm. As known in the art, by
adding a CF-based gas, a protective film 730 is formed on
the side walls at the same time with etching. Radicals and
ions are generated by reactive gas plasma. The side walls of
the first groove portion 720 are attacked by only the radicals,
and the bottom portion thereof is attacked by the radicals and
ions to be easily etched, so that anisotropic etching is
achieved.

By optimizing the etching conditions such as an output of
the etching apparatus, the flow rates of gases, and the time,
the protective film 730 formed on the side wall is adjusted
to have an appropriate thickness. If the protective film 730
is adjusted to be thin, a groove having a vertical shape or a
groove having a reverse tapered shape is formed, whereas if
the protective film 730 is adjusted to be thick, a fine groove
740 having a forward tapered shape as shown in FIG. 11C
can be formed. As an example, if the flow rate of the
CF-based gas which is a side wall protective film forming
gas included in the etching gases increases, the protective
film 730 becomes thick, which easily forms the forward
tapered shape.

Next, a third manufacturing method of the fine groove of
the present embodiment will be described. FIGS. 12A to
12C are cross-sectional views illustrating processes of a
manufacturing method of the fine groove shown in FIG. 7C.
In this manufacturing method, as shown in FIG. 12A, the
shape of a photoresist 750 formed on a semiconductor
substrate W (GaAs substrate) is different from that of the
photoresist shown in FIGS. 10A to 10D or FIGS. 11A to
11C. That is, an opening 760 of the photoresist 750 includes
a first photoresist portion 752 in which the width is gradually
enlarged from the front surface of the semiconductor sub-
strate W in an upward direction, and a second photoresist
portion 754 that extends from an upper end of the first
photoresist portion 752 in the upward direction at an angle
smaller than an angle at which the width of the opening in
the first photoresist portion 752 increases. Here, the “upward
direction” represents an upward direction when the front
surface of the semiconductor substrate is directed upward.

The photoresist 750 having such a shape is formed using
a gray mask, for example. First, the photoresist is coated on
the semiconductor substrate W (GaAs substrate). Then, the
amount of exposure is adjusted to be different between a
central portion and a peripheral portion of a region to be
opened using the gray mask when forming the opening that
exposes the cutting region. Specifically, a specific light
intensity is set for exposure in the central portion of the
region to be opened, and the amount of exposure gradually
decreases from the outer periphery of the central portion
toward the outer periphery of the region to be opened.
Further, the exposure is not performed in a region outside the
peripheral portion in which the opening is not formed. When



US 9,455,173 B2

15

a negative type photoresist is used, the amount of exposure
may be reversed. Further, any method capable of conse-
quently forming the photoresist that includes the first pho-
toresist portion 752 in which the width is gradually enlarged
from the front surface of the semiconductor substrate W in
the upward direction and the second photoresist portion 754
that extends from the upper end of the first photoresist
portion 752 in the upward direction with reference to the
angle of the first photoresist portion 752, such as a method
using stress generated according to the formation of the
opening or other actions, may be used. In any method, the
method may not include baking after the photoresist is
formed, and may be performed in a range where a desired
shape is not collapsed.

Next, as shown in FIG. 12B, anisotropic dry etching is
performed with respect to the semiconductor substrate W
using a resist pattern of the photoresist 750 in which the
opening 760 is formed as an etching mask. As an etching
condition, for example, the same etching condition as in the
first manufacturing method or the second manufacturing
method of the fine groove according to the present embodi-
ment may be applied. Here, since the resist pattern of the
photoresist 750 has the first photoresist portion 752 having
the opening of the reverse tapered shape that is formed from
the front surface of the substrate in the upward direction, a
region that is gradually etched from a thin portion in the
thickness of the resist having the opening of the reverse
tapered shape toward a thick portion in the thickness thereof
is enlarged in the transverse direction, and as shown in FIG.
12B, a first groove portion 770 (fine groove) having a
forward tapered shape to which the shape of the opening 760
of the photoresist is transferred is formed. Here, a protective
film 780 is formed on the side walls at the same time with
etching by the CF-based gas included in the etching gases,
similar to FIG. 11B.

Then, the etching is further performed. Here, since only
the second photoresist portion 754 that extends from the
upper surface of the semiconductor substrate W in the
vertical direction remains, the groove having the forward
tapered shape shown in FIG. 12B is not continuously formed
with the angle being maintained, and as shown in FIG. 12C,
a second groove portion 790 that extends downward is
formed while maintaining the forward tapered shape in an
input portion of the first groove portion 770. In the first
manufacturing method or the third manufacturing method of
the fine groove according to the embodiment, since the
photoresist having the opening in which the width is gradu-
ally enlarged from the front surface of the semiconductor
substrate W in the upward direction is used, even when the
etching condition is not optimized to form the groove of the
forward tapered shape like the second manufacturing
method of the fine groove, the forward tapered shape groove
is easily formed.

According to the above-mentioned processes, a fine
groove that includes the first groove portion 770 in which the
width is gradually narrowed from the front surface of the
semiconductor substrate W toward the rear surface thereof
and the second groove portion 790 that is directed to the rear
surface of the semiconductor substrate W from the lower-
most part of the first groove portion 770 without being
narrowed compared with the width of the lowermost part
can be formed as shown in FIG. 12C. The second photoresist
portion 754 may be formed in a shape other than the shape
that vertically extends in the upward direction. For example,
the vertical shape is not essential as long as the shape is a
shape that extends in the upward direction at an angle
smaller than the angle at which the width of the opening in
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the first photoresist portion 752 is enlarged. With such a
shape, compared with the configuration of the fine groove
having only the forward tapered shape as shown in FIG. 7A,
a fine groove having a desired depth is easily formed while
maintaining the input portion of the fine groove in the
forward tapered shape.

Next, a fourth manufacturing method of the fine groove
shown in FIG. 8A will be described as a fourth manufac-
turing method of the fine groove of the present embodiment.
When the fine groove that includes the groove portion
having the forward tapered shape and the groove portion
having the reverse tapered shape as shown in FIG. 8A is
formed, first, the groove portion of the forward tapered
shape is formed using the first, second or third manufactur-
ing method of the fine groove according to the present
embodiment. Then, the etching condition is changed to an
etching condition capable of widely forming the groove
width compared with the etching condition for forming the
groove portion having the forward tapered shape, that is, an
etching condition having a strong etching strength in the side
wall direction of the groove to continue the etching. By
changing the etching condition to the etching condition
capable of widely forming the groove width, the groove
portion that is already formed in the forward tapered shape
is suppressed from being enlarged in its groove width by the
protective films formed on the side walls, and a groove
portion having a wider width is formed in a lower part that
communicates with the groove portion having the forward
tapered shape to extend downward.

Here, in order to enlarge the groove width, the flow rate
of Cl, which is an etching gas included in the etching gases
may be increased, and the flow rate of C,F; (CF-based gas)
which is a gas for forming a side wall protective film may
be decreased. This is achieved by changing at least one of
the flow rates. That is, by changing the flow rate of at least
one etching gas, the groove width may be changed. In other
words, both of the time when the groove portion having the
forward tapered shape is formed and the time when the
groove portion having the reverse tapered shape is formed,
while both of the side wall protection gas and the etching gas
included in the etching gases are being supplied, each flow
rate may be changed. Further, by setting such a flow rate in
advance before the groove portion having the forward
tapered shape is formed, the groove portion having the
forward tapered shape and the groove portion having the
reverse tapered shape can be formed by a series of continu-
ous etching processes. Further, for example, by changing the
output of the etching apparatus, the etching condition may
be optimized so that the groove width is enlarged. Further,
if the flow rate is not changed drastically, the fine groove 410
in FIG. 7C and the fine groove 420 in FIG. 8A do not have
an edge portion in its sidewall at the depth D. This enables
the adhesive layer 164a to be extracted more smoothly from
the fine groove 410 and 420 even if the adhesive layer 164a
enters more deeply than the depth D.

The etching method for transferring the above-mentioned
resist shape and the etching method for forming the side wall
protecting film are typical examples of the manufacturing
method according to the present embodiment, and the manu-
facturing method of the fine groove according to the present
embodiment is not limited to the manufacturing processes
shown in FIG. 10A to FIG. 12C, and various combinations
may be used. For example, in the first to third manufacturing
methods of the fine groove according to the present embodi-
ment, the etching condition may be changed, similar to the
fourth manufacturing method of the fine groove according to
the present embodiment. While the fine groove is being
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formed, by changing the etching condition to an etching
condition having an etching strength in the side wall direc-
tion or the downward direction of the groove, stronger than
the etching strength of the previously used etching, the angle
of the forward tapered shape is narrowed from the middle of
the fine groove, and thus, the side walls of the groove come
close to a shape vertical to the substrate surface. In this way,
by changing the etching condition, a fine groove that
includes the groove portion having the shape shown in FIG.
7C or FIG. 8A, that is, the forward tapered shape, and the
groove portion that extends from a lowermost part of the
groove portion having the forward tapered shape toward the
rear surface of the semiconductor substrate W without being
narrowed compared with the width of the lowermost part.
Further, when the shape shown in FIG. 7C or FIG. 8A is
formed, the change of the etching condition is not only be
performed once, but also may be performed plural times as
necessary.

Next, additional effects of the fine groove 420 (FIG. 8)
that includes the groove portion having the forward tapered
shape and the groove portion having the reverse tapered
shape according to the present embodiment will be
described. FIG. 13A is a cross-sectional view when half
dicing is performed by the dicing blade shown in FIG. 3B,
FIG. 13B is an enlarged view of a step portion shown in FIG.
13A, and FIG. 13C is a diagram illustrating breakage of the
step portion.

As described above, the plural light emitting devices 100
are formed on the front surface of the semiconductor sub-
strate W, and the respective light emitting devices 100 are
separated by the cutting regions 120 defined by the scribe
line or the like with the space S. The fine groove 140
(vertical groove shown in FIG. 9C) having the width Sa is
formed in the cutting region 120 by anisotropic dry etching.
By cutting the semiconductor substrate W using the rotating
dicing blade 300 having the kerf width Sb from the rear
surface thereof, the groove 170 having approximately the
same width as the kerf width Sb is formed on the semicon-
ductor substrate W. Since the kerf width Sb is larger than the
width Sa of the fine groove 140, when the groove 170 is
formed, the step portion 800 having a cantilevered beam
shape of the thickness T is formed in the cutting region 120
by the difference between the width Sb and the width Sa, in
other words, the positional difference between the side
surfaces of the fine groove 140 and the groove 170. If the
center of the dicing blade 300 and the center of the fine
groove 140 completely match each other, an extended length
of the step portion 800 in the transverse direction is (Sb-
Sa)/2.

When the cutting is performed by the dicing blade 300, as
the flat surface of the tip portion of the dicing blade 300
presses the semiconductor substrate W in the Y direction, a
force F is applied to the step portion 800, and thus, a stress
concentrates on a corner C of the step portion 800. When the
stress to the corner C exceeds a fracture stress of the wafer,
as shown in FIG. 13C, breakage (fragment, crack, picking or
the like) of the step portion 800 occurs. Particularly, since
the compound semiconductor substrate made of GaAs or the
like has a strength weaker than that of a silicon substrate, the
breakage easily occurs in the step portion 800. If the
breakage occurs in the step portion 800, it is necessary to
secure a margin M for cutting the step portion 800. This
means that the space S of the cutting region 120 should be
the equal to or larger than the margin M, and thus, the
number of acquired semiconductor pieces decreases.
Accordingly, it is desirable to suppress the breakage of the
step portion 800.
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As factors having a high influence on the stress that causes
the breakage of the step portion 800, the following three
factors may be considered. The first factor is the shape of the
tip portion of the dicing blade, the second factor is the
thickness T of the step portion 800, and the third factor is the
size of the step difference in the step portion 800, that is, a
positional shift amount between the fine groove 140 and the
groove 170 when the dicing blade 300 having a predeter-
mined thickness is used. In order to reduce the stress to the
step portion by the shape of the tip portion of the dicing
blade, it is necessary to evaluate which shape is optimal.
Further, if the thickness T of the step portion 800 can be
increased, it is possible to increase the fracture strength of
the corner of the step portion 800. However, when the fine
groove 140 is formed by anisotropic dry etching, there is a
restriction in the depth of the fine groove 140, and thus, it is
difficult to increase the thickness T of the step portion 800
to a predetermined size or greater. Further, the positional
shift between the center of the fine groove 140 and the center
of the groove 170 is caused by the processing accuracy of
the manufacturing apparatus such as the positioning accu-
racy of the dicing blade, in which a predetermined amount
of variation occurs in the positional shift in mass production.

Since the fine groove 420 of the present embodiment as
shown in FIG. 8A has the groove portion having the reverse
tapered shape in the lower part of the groove portion having
the forward tapered shape, in other words, since the width of
the bottom portion of the fine groove is enlarged in the
direction parallel to the front surface of the substrate, even
when the positional shift occurs due to the processing
accuracy of the manufacturing apparatus, it is possible to
alleviate the stress to the step portion 800, and to suppress
occurrence of the breakage of the step portion 800.

The stress alleviation of the step portion when the fine
groove 420 is formed will be described. FIG. 14A shows a
cutting example when the center of the dicing blade 300 and
the center of the fine groove 420 match each other and the
positional shift does not occur, and FIG. 14B shows a cutting
example when the positional shift occurs. Further, the kerf
width Sb due to the dicing blade 300 is larger than the width
Sa3 (see FIGS. 8A and 8B) of the groove portion having the
reverse tapered shape of the fine groove 420 (Sa3<Sb).

As shown in FIG. 14 A, when the groove 170 is formed on
the rear surface of the substrate by the dicing blade 300, the
groove 170 is connected to the fine groove 420. In a
preferred embodiment, the dicing blade 300 is positioned in
the direction vertical to the semiconductor substrate W so
that the tip portion thereof is positioned between the width
Sa3 and the width Sa2 of the fine groove 420. In other words,
the tip portion of the dicing blade 300 is positioned to reach
at least the fine groove 420, but not to reach the depth that
defines the width Sa2. When the positional shift of the dicing
blade 300 is small, a step 810 that extends inside the groove
170 is formed at the boundary between the groove 170 and
the fine groove 420. Since the width of the step 810
decreases compared with a case where the groove portion
having the reverse tapered shape is not formed, the contact
area between the tip portion of the dicing blade 300 and the
step 810 is small, and thus, the force F applied to the step
810 from the dicing blade decreases. As a result, when the
stress applied to the step portion 800 through the step 810
decreases, and thus, the breakage of the step portion 800 is
suppressed. Further, as shown in FIG. 14B, when the posi-
tional shift of the dicing blade 300 occurs, a step portion 820
having a relatively large width on one side of the fine groove
420 may be formed, but in this case, similarly, since the
width of the step 810 can be made small compared with a
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case where the groove portion having the reverse tapered
shape is not formed, it is possible to suppress the breakage
of the step portion 800.

FIGS. 14C and 14D show cutting examples when the
width Sa3 of the fine groove 420 is larger than the thickness
(kerf width Sb) of the dicing blade 300. At least a part of the
groove portion having the reverse tapered shape includes the
width Sa3 larger than the kerf width Sb. FIG. 14C shows an
ideal cutting operation in which the positional shift does not
occur between the fine groove 420 (second groove portion)
and the dicing blade. In this case, if the width of the fine
groove is larger than the kerf width Sb at a connection
position of both the grooves, the step portion that extends
inside the groove 170 is not formed, and instead, a step
portion 830 that extends outside the groove 170 is formed at
the connection position of the grooves. Thus, the tip portion
of the dicing blade 300 does not come into contact with the
step portion 830, and thus, the force from the dicing blade
300 is not transmitted to the step portion 830, so that the
breakage of the step portion 800 is suppressed.

As shown in FIG. 14D, even when the positional shift
occurs in the dicing blade 300, if the amount of the posi-
tional shift is equal to or smaller than a predetermined range,
since a step portion 840 that extends outside the groove 170
is formed, the stress is not applied to the step portion 800
from the dicing blade 300 through the step portion 840. Even
if the positional shift amount is greater than the predeter-
mined range, since the width of the step portion is small
compared with a case where the fine groove portion having
the reverse tapered shape is not formed, the stress to the step
portion 800 is reduced.

The shape of the fine groove capable of suppressing the
breakage of the step portion is not limited to the reverse
tapered shape. Other shapes in which the bottom portion is
enlarged may be used. FIGS. 15A and 15B show cross-
sections having other shapes of the fine groove according to
the present embodiment. A fine groove 430 shown in FIG.
15A includes a groove portion 430A having a forward
tapered shape including linear opposite side surfaces that are
inclined from the opening width Sal to the width Sa2 of
depth D1 (Sal>Sa2), and a width enlarged portion 430B that
is connected to a lower part of the groove portion 430A and
has spherical side surfaces of a depth D2. The maximum
diameter Sa3 between the side walls that face each other in
the direction parallel to the front surface of the substrate of
the width enlarged portion 430B is greater than Sa2. Further,
the depth D1 of the groove portion 430A having the forward
tapered shape is greater than the depth where the adhesive
layer of the dicing tape enters.

A fine groove portion 440 shown in FIG. 15B includes a
groove portion 430A having a forward tapered shape includ-
ing linear opposite side surfaces that are inclined from the
opening width Sal to the width Sa2 of the depth D1
(Sal1>Sa2), and a rectangular width enlarged portion 440B
that is connected to a lower part of the groove portion 440A
and has approximately linear side surfaces of a depth D2.
The width enlarged portion 440B is obtained by changing
the spherical side surfaces of the width enlarged portion
430B shown in FIG. 15A into a linear shape. In this case, the
width Sa3 of the width enlarged portion 4408 is a distance
between the side walls that face each other in the direction
parallel to the front surface of the substrate, and the distance
is greater than Sa2. Further, the depth D1 of the groove
portion 440A having the forward tapered shape is greater
than the depth where the adhesive layer of the dicing tape
enters. The shapes of the width enlarged portion shown
herein are examples, and any shape having a width greater
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than the width Sa2 in the middle of the fine groove may be
used as the shapes of the width enlarged portion. The width
enlarged portion may be formed in an elliptic shape or a flask
shape. The fine grooves 430 and 440 shown in FIGS. 15A
and 15B may be preferably formed using anisotropic etching
or isotropic etching.

FIG. 16 is a flowchart illustrating another example of a
semiconductor piece manufacturing method according to an
embodiment of the invention. FIG. 16 is a flowchart illus-
trating the entire manufacturing processes including prepa-
ration (design method) before the series of manufacturing
processes shown in FIG. 1 are performed in the mass
production process. First, the semiconductor substrate is
individualized according to the flow shown in FIG. 1 in a
trial manufacturing process (S300). Here, it is not necessary
to completely individualize the semiconductor substrate, and
the procedure may be advanced up to a process of checking
the degree of remaining of the adhesive layer to a minimum.
Then, it is determined whether there is a problem by
checking the degree of remaining of the adhesive layer
(S310). Here, it is preferable that the adhesive layer does not
completely remain, but even when the adhesive layer
remains, if the remaining amount is allowable in the mass
production process, it may be determined that there is no
problem. Further, it is preferable that the plural substrates
are individualized and the presence or absence of the prob-
lem is determined based on a large amount of results.
Further, when it is determined that the problem is not
present, the manufacturing condition is used as a manufac-
turing condition in the mass production process (S330). If it
is determined that the problem is present, the manufacturing
condition is changed (S320). Here, the manufacturing con-
dition represents a manufacturing condition that affects the
remaining of the adhesive layer in manufacturing.

In S320, the manufacturing condition is changed so that
the remaining of the adhesive layer is reduced. For example,
the forward tapered shape that forms the fine groove on the
front surface side of the semiconductor substrate is changed
to a shape in which the adhesive layer does not easily
remain. Specifically, the angle having the forward tapered
shape is changed to a moderated angle in the depth direction
of the groove, the forward tapered shape is changed to have
a deeper depth even at the same angle, or the width of the
opening on the surface of the semiconductor substrate is
changed to be enlarged. By performing the changes indi-
vidually or in combination, a shape in which the adhesive
layer does not easily remain is obtained. To this end, at least
one of factors that affect the shape such as the shape of the
photoresist or the etching condition is changed to obtain the
above-mentioned shape. The change of the angle of the
forward tapered shape to the moderated angle in the depth
direction of the groove means that the angle formed by the
front surface of the semiconductor substrate and the side
surface of the groove that forms the forward tapered shape
is reduced.

After the manufacturing condition is changed in S320, the
semiconductor substrate is individualized in the trial manu-
facturing process again (S300). Then, it is determined
whether there is a problem by checking the degree of
remaining of the adhesive layer (S310). When there is a
problem, steps S300 to S320 are repeated until there is no
problem. When it is determined in S310 that there is no
problem, the manufacturing condition is used as the manu-
facturing condition in the mass production process (S330).

In the initial process of S300, the fine groove on the front
surface side of the semiconductor substrate may be a for-
ward tapered shape, or may be a fine groove that does not
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have the forward tapered shape, for example, a vertical fine
groove. That is, in the initial process of S300, the shape of
the photoresist, the etching condition or the like may be set
so that the forward tapered shape is not formed. Further, in
the fine groove that does not have the forward tapered shape,
when the remaining of adhesive layer does not cause a
problem, the fine groove that does not have the forward
tapered shape may be used even in the mass production
process, and when the remaining of adhesive layer causes a
problem, the manufacturing condition may be changed to
form the forward tapered shape in S320.

When the shape shown in FIG. 7C is employed as the
shape of the fine groove, it may be determined whether the
adhesive layer intrudes more deeply than the depth D in FIG.
7C, without determining the remaining of the adhesive layer
in S310. Further, when the adhesive layer intrudes so deeply,
in S320, the manufacturing condition may be changed to
form a forward tapered shape in which the adhesive layer
does not intrude so deeply. In this way, regardless of the
remaining of the adhesive layer, that is, even when the
adhesive layer does not remain, by forming a shape in which
the adhesive layer does not easily remain, even in manu-
facturing variation or the change of the manufacturing
condition, the adhesive layer does not easily remain.

Hereinbefore, the preferred embodiments of the invention
have been described, but the invention is not limited to a
specific embodiment, and may include various modifications
and changes in a range of the spirit of the invention disclosed
in claims.

For example, the groove 170 on the rear surface side may
be formed to have a depth that reaches the vicinity of the fine
groove on the front surface side but does not communicate
with the fine groove on the front surface side. That is, in the
process of forming the groove 170 on the rear surface side
shown in FIG. 3B, a part of the thickness of the semicon-
ductor substrate may remain to form the groove 170 on the
rear surface side. In this case, in a subsequent process, by
applying a stress such as a tensile stress or a bending stress
to the semiconductor substrate, the remaining part thereof
may be divided to divide the semiconductor substrate. In
such a semiconductor piece manufacturing method, simi-
larly, by providing the reverse tapered shape as shown in
FIG. 8A, when applying the stress to divide the remaining
part, only the thickness part that remains between the fine
groove on the front surface side and the groove 170 on the
rear surface side is easily divided, and unintentional enlarge-
ment of crack is suppressed. As a result, the breakage of the
semiconductor piece is suppressed.

Further, in the preferred embodiments of the invention, an
example in which the opening width Sal on the front surface
of the substrate is narrower than the width of the groove 170
on the rear surface side is shown. This is a preferred
embodiment since the number of acquired semiconductor
pieces increases compared with a full dicing method using
the width of the groove 170 as it is. On the other hand, from
the viewpoint of suppressing the remaining of the adhesive
layer in the fine groove on the front surface side, the
relationship between the width of the opening width Sal on
the front surface of the substrate and the width of the groove
170 on the rear surface side is arbitrary. In this case, the
widths may be the same, or the width of the groove 170 may
be narrower.

Further, as the tip shape of the rotating cutting member
that forms the groove 170 on the rear surface side, a cross
section of the tip seen in the rotational direction may be a
semicircular shape or a tapered shape, instead of the rect-
angular shape. Further, as the cutting member that forms the
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groove 170 on the rear surface side, a cutting member other
than the cutting member that is in contact with the substrate
while rotating, such as a laser apparatus, may be used. That
is, the groove 170 on the rear surface side may be formed by
laser processing.

Further, as an application example of the fine groove on
the front surface side of the invention, the semiconductor
substrate may be divided by performing grinding until
reaching the fine groove on the front surface side of the
semiconductor substrate from the rear surface of the semi-
conductor substrate, instead of forming the groove 170 on
the rear surface side. Further, the semiconductor substrate
may be divided by performing grinding up to a middle
portion before reaching the fine groove on the front surface
side of the semiconductor substrate, and then by dividing the
remaining part by applying a stress such as a tensile stress
or a bending stress to the semiconductor substrate. Further,
the manufacturing method of the invention may be applied
to a case where respective devices are individualized from a
substrate that does not include a semiconductor, made of
glass, polymer or the like.

Industrial Applicability

The semiconductor piece manufacturing method of the
invention is applied to a method for dividing (individualiz-
ing) a substrate-like member such as a semiconductor wafer
on which plural semiconductor devices are formed to manu-
facture respective semiconductor pieces (semiconductor
chips). The semiconductor device formed on the substrate is
not particularly limited, and may include a light emitting
device, an active device, a passive device, or the like. In a
preferred embodiment, the manufacturing method of the
invention is applied to a method of extracting a semicon-
ductor piece including a light emitting device from a sub-
strate, in which the light emitting device may be a surface
light emitting type semiconductor laser, a light emitting
diode, or a light emitting thyristor, for example.

The foregoing description of the exemplary embodiments
of the present invention has been provided for the purposes
of illustration and description. It is not intended to be
exhaustive or to limit the invention to the precise forms
disclosed. Obviously, many modifications and variations
will be apparent to practitioners skilled in the art. The
embodiments were chosen and described in order to best
explain the principles of the invention and its practical
applications, thereby enabling others skilled in the art to
understand the invention for various embodiments and with
the various modifications as are suited to the particular use
contemplated. It is intended that the scope of the invention
be defined by the following claims and their equivalents.

What is claimed is:
1. A semiconductor piece manufacturing method com-
prising:

forming a groove on a front surface side including a first
groove portion having a width that is gradually nar-
rowed from a front surface of a substrate toward a rear
surface thereof;

attaching a holding member having an adhesive layer on
the front surface after the groove on the front surface
side is formed;

forming a groove on a rear surface side having a width
greater than the width of the groove on the front surface
side along the groove on the front surface side from a
rear surface side of the substrate by a rotating cutting
member; and

separating the holding member from the front surface
after the groove on the rear surface side is formed,
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wherein the groove on the front surface side includes a
second groove portion that extends from a lowermost
part of the first groove portion toward the rear surface
of the substrate and has a width that is not narrower
than the width of the lowermost part of the first groove
part,

wherein the substrate has a convex portion and a concave
portion due to an element of a mesa shape on the front
surface side thereof,

wherein at least a part of the groove on the front surface
side is provided in the concave portion,

wherein the adhesive layer has a thickness that follows an
inlet portion of the groove on the front surface side
provided in the concave portion and is attached to
follow the inlet portion, and

wherein the first groove portion has a depth in which the
adhesive layer that is attached to follow the inlet
portion does not enter the second groove portion.

2. The semiconductor piece manufacturing method

according to claim 1,

wherein the groove on the front surface side includes a
second groove portion that extends from a lowermost
part of the first groove portion toward the rear surface
of the substrate and has a width that is gradually wider
from the lowermost part of the first groove part.

3. The semiconductor piece manufacturing method

according to claim 1,

wherein the first groove portion has a depth in which the
adhesive layer does not enter the second groove portion
at a time point when the holding member is attached
onto the front surface.

4. The semiconductor piece manufacturing method

according to claim 1,

wherein the first groove portion has a depth in which the
adhesive layer does not enter the second groove portion
after the groove on the rear surface side is formed by
the rotating cutting member.

5. A semiconductor piece, manufacturing method com-

prising:

forming a groove on a front surface side including a first
groove portion having a width that is gradually nar-
rowed from a front surface of a substrate toward a rear
surface thereof;

attaching a holding member having an adhesive layer on
the front surface after the groove on the front surface
side is formed;

forming a groove on a rear surface side having a width
greater than the width of the groove on the front surface
side along the groove on the front surface side from a
rear surface side of the substrate by a rotating cutting
member; and

separating the holding member from the front surface
after the groove on the rear surface side is formed,

wherein the groove on the front surface side includes a
second groove portion that extends from a lowermost
part of the first grove portion toward the rear surface of
the substrate and has a width that is not narrower than
the width of the lowermost part of the first groove part,
and

wherein the width of the lowermost part of the first groove
portion has a width narrower than a depth that the
adhesive layer enters in a configuration in which the
entirety of the first groove portion is assumed to be
formed with the width of the lowermost part.

6. The semiconductor piece manufacturing method

according to claim 1,
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wherein the groove on the front surface side is formed by
anisotropic dry etching.
7. The semiconductor piece manufacturing method
according to claim 1,
wherein the groove on the rear surface side is formed by
a rotating cutting member.
8. A semiconductor piece manufacturing method com-
prising:
forming a groove on a front surface side including a first
groove portion having a width that is gradually nar-
rowed from a front surface of a substrate toward a rear
surface thereof;
attaching a holding member having an adhesive layer on
the front surface after the groove on the front surface
side is formed;
forming a groove on a rear surface side having a width
greater than the width of the groove on the front surface
side along the groove on the front surface side from a
rear surface side of the substrate by a rotating cutting
member; and
separating the holding member from the front surface
after the groove on the rear surface side is formed,
wherein the groove on the front surface side is formed by
dry etching, and
wherein, while the groove on the front surface side is
being formed, the strength of the dry etching is changed
from a first strength at which the width of the groove on
the front surface side is gradually narrowed from the
front surface of the substrate toward the rear surface
thereof to a second strength that has a strong etching
strength in a side wall direction of the groove compared
with the first strength to form the groove on the front
surface side.
9. The semiconductor piece manufacturing method
according to claim 8,
wherein the groove on the front surface side includes a
second groove portion that extends from a lowermost
part of the first groove portion toward the rear surface
of the substrate and has a width that is not narrower
than the width of the lowermost part of the first groove
part.
10. The semiconductor piece manufacturing method
according to claim 9,
wherein the first groove portion has a depth in which the
adhesive layer does not enter the second groove portion
at a time point when the holding member is attached
onto the front surface.
11. The semiconductor piece manufacturing method
according to claim 9,
wherein the first groove portion has a depth in which the
adhesive layer does not enter the second groove portion
after the groove on the rear surface side is formed by
the rotating cutting member.
12. The semiconductor piece manufacturing method
according to claim 8,
wherein the groove on the front surface side includes a
second groove portion that extends from a lowermost
part of the first groove portion toward the rear surface
of the substrate and has a width that is gradually wider
from the lowermost part of the first groove part.
13. The semiconductor piece manufacturing method
according to claim 8,
wherein the groove on the front surface side is formed by
anisotropic dry etching.
14. The semiconductor piece manufacturing method
according to claim 8,
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wherein the groove on the rear surface side is formed by
a rotating cutting member.

15. A semiconductor piece manufacturing method com-

prising:

forming a groove on a front surface side including a first
groove portion having a width that is gradually nar-
rowed from a front surface of a substrate toward a rear
surface thereof;

attaching a holding member having an adhesive layer on
the front surface after the groove on the front surface
side is formed;

forming a groove on a rear surface side having a width
greater than the width of the groove on the front surface
side along the groove on the front surface side from a
rear surface side of the substrate by a rotating cutting
member; and

separating the holding member from the front surface
after the groove on the rear surface side is formed,

wherein the groove on the front surface side is formed by
dry etching,

wherein an etching gas used for the dry etching includes
a protective film forming gas and a gas for etching, and

wherein while the groove on the front surface side is being
formed, the flow rate of the protective film forming gas
is changed from a first flow rate at which the width of
the groove on the front surface side is gradually nar-
rowed from the front surface of the substrate toward the
rear surface thereof to a second flow rate smaller than
the first flow rate to form the groove on the front
surface side.
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16. A semiconductor piece manufacturing method com-
prising:

forming a groove on a front surface side including a first
groove portion having a width that is gradually nar-
rowed from a front surface of a substrate toward a rear
surface thereof;

attaching a holding member having an adhesive layer on
the front surface after the groove on the front surface
side is formed;

forming a groove on a rear surface side having a width
greater than the width of the groove on the front surface
side along the groove on the front surface side from a
rear surface side of the substrate by a rotating cutting
member; and

separating, the holding member from the front surface
after the groove on the rear surface side is formed,

wherein the groove on the front surface side is formed by
dry etching,

wherein an etching gas used for the dry etching includes
a protective film forming gas and a gas for etching, and

wherein, while the groove on the front surface side is
being formed, the flow rate of the gas for etching is
changed from a first flow rate at which the width of the
groove on the front surface side is gradually narrowed
from the front surface of the substrate toward the rear
surface thereof to a second flow rate greater than the
first flow rate to form the groove on the front surface
side.



